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(54) Method for surface hardening a steel coil spring 



(57) A controlled nitrogen diffusion process is em- 
ployed on a steel coil spring (8) of a suspension system. 
One icnown process is that known as the NItreg® proc- 
ess. Ammonia is introduced into a furnace atmosphere 
and nitrogen diffuses into the coil spring, creating a 
hardened diffusion zone (B) which resists fatigue and 
fractures. The Nltreg^ nitrogen diffusion process is a 
computer controlled menu driven process which contin- 



ually monitors the process parameters. By regulating 
the nitriding potential, the monitored process parame- 
ters are automatically adjusted to achieve optimal re- 
sults. The nitriding potential is the tendency of nitrogen 
to be absorbed by steel and is expressed as the ratio of 
the partial pressure of ammonia to the partial pressure 
of hydrogen. Additionally, the depth of the white com- 
pound layer (A) can be regulated or eliminated, reducing 
distortions. 
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Description 

BACKGROUND OF THE iNVENTiON 

[0001] The present invention relates generally to a 
method for surface hardening a steel coll spring, In par- 
ticular nitrlding, and to a steel coll spring surface hard- 
ened by such a method. 

[0002] Vehicles are commonly equipped with suspen- 
sion systems for absorbing road shock and other vibra- 
tions, while providing for a smooth and comfortable ride. 
Steel coll springs are utilized as a part of the vehicle 
suspension system. The colt springs must be able to re- 
sist stresses which cause fractures and decrease the 
fatigue life of the coil spring. 

[0003] A nitrlding process has been utilized to Im- 
prove the fatigue life of a coil spring utilized in a vehicle 
suspension system. Nitrlding produces compressive re- 
siduar stresses orT the smtace^of th'e'cbirsprln^^ 
counteract the tensile stresses produced by everyday 
use which cause fractures. 

[0004] Addrtionally, the nitriding process fonns a white 
layer on the exterior surface of the steel. For most ap- 
plications, this white layer has no useable properties. 
The layer is very hard, but brittle, and may spall during 
use. As it has no useable properties, it is often removed 
by treatment grinding or finishing. 

SUMItflARY OF THE iNVENTiON 

[0005] A controlled nitrogen diffusion process is em- 
ployed on the exterior surface of a steel coil spring of a 
suspension system to create a hardened layer which re- 
duces fractures and improves fatigue properties. One 
known process is the Nltreg® process. The NItreg® 
process is a computer controlled menu driven process 
which regulates the nitriding potential of the furnace at- 
mosphere. The nitriding potential is the tendency of ni- 
trogen to be absorbed by steel and is expressed as the 
ratio of the partial pressure of ammonia to the partial 
pressure of hydrogen. Electric sensoi^ and furnace 
components balance the nitriding atmosphere required 
to maintain the desired nitriding potential, 
[0006] The steel coil spring Is first cleaned to remove 
scale from the exterior surface. In an atmospheric fur- 
nace, the coil spring is heated and ammonia Is released. 
Nitrogen from the ammonia diffuses into the exterior sur- 
face of the steel coil spring, creating a hardened diffu- 
sion zone on the coll spring. After cooling the coil spring, 
the coil spring is subject to 

[0007] The nitriding potential of the furnace atmos- 
phere is regulated depending on the type of steel utilized 
and the application requirements. By regulating the ni- 
triding potential, the depth of the diffusion zone can be 
controlled. Additionally, the depth of the white com- 
pound layer can be regulated or eliminated to reduce 
distortions. 

[0008] These and other features of the present inven- 
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- tion will be best understood from the following specifi- 
cation and drawings. 

BRiEF DESCRIPTiON OF THE DRAWiNGS 

5 

[0009] The various features and advantages of the in- 
vention will become apparent to those sicllled in the art 
from the following detailed description of the currently 
preferred embodiment. The drawings that accompany 
10 the detailed description can be briefly described as fol- 
lows: 

Figure 1 Illustrates a schematic side cross sectional 
view of a nitrided steel coil spring; 
15 Figure 2 Illustrates a graph relating tiie hardness of 
various steels to the depth below the surface for a 
prior art nitriding process; and 
Figure 3 illustrates a flowchart of the controlled ni- 
tfogenndifTusibn processT 

20 

DETAILED DESCRiPTiON OF THE PREFERRED 
EIWBODiltfiENT 

[0010] This Invention relates to a method for nitriding 
25 a coll spring of a suspension system utilizing a controlled 
nitrogen diffusion process. One known process is the 
Nitreg® process. The Nitreg® nitrogen diffusion process 
is a surface hardening heat treatment wherein the nitrid- 
ing potential of the furnace atmosphere is regulated de- 
30 pending on the type of steel utilized and the application 
requirements. 

[001 1 ] Figure 1 illustrates a side cross sectional view 
of a nitrided steel coil 8. Nitrogen is introduced into the 
surface of the steel at a specific temperature range while 

35 in the ferritic condition to harden the surface of the steel. 
Nitrogen is partially soluble in Iron. At nitrogen contents 
up to approximately 6%, nitrogen fomis a solid solution 
with ferrite. When the nitrogen content reaches about 
6%, a white layer having a composition of Fe4N is 

40 formed. As shown in Figure 1 , this layer is the compound 
layer A. The compound layer A is very hard, but is brittle 
and may spall in use. 

[0012] When the nitrogen content reaches 8%, the 
equilibrium reaction product FeaN isfomried, illustrated 

45 as diffusion zone B in Figure 1 . The diffusion zone B is 
hardened by the formation of the FegN compound. The 
diffusion zone B is the layer which provides surface 
hardening. Below the diffusion zone B Is steel zone C. 
Steel zone C is the inner steel portion of the coil spring 

50 in which there is no nitrogen diffusion. The hardness of 
various steels at the different zones are illustrated in Fig- 
ure 2. 

[0013] Nitridedsteels generally contain strong nitride- 
forming elements such as aluminum, vanadium, molyb- 
55 denum, titanium and chromium. When these steels are 
nitrated, the nitride-fonning elements fomn particles with 
the nitrogen which create strengthening dislocations by 
straining the ferrite lattice. 
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[0014] The Nitreg® nitrogen diffusion process of the 
present invention is employed on a steel coH spring 8 to 
create a hardened layer and improve fatigue properties. 
The Nitreg® nitrogen diffusion process is a computer 
controlled menu driven process which hardens the sur- 
face of the coil spring 8 by regulation of the nltrldlng po- 
tential of thefumace atmosphere. The nitriding potential 
is the tendency of nitrogen to be absorbed by steel and 
is expressed by the ratio of the partial pressure of am- 
monia to the partial pressure of hydrogen. Electronic 
sensors and furnace components help balance the ni- 
triding atmosphere to maintain the specific nitriding po- 
tential. The sensors continually monitor and adjust the 
process parameters to regulate the nitriding potential. 
The nitriding potential is programmed depending on the 
type of steel utilized and the application requirements. 
[001 5] The nitriding process 1 0 is illustrated schemat- 
ically in Figure 3. The coil spring 8 is first cleaned 1 2 to 
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fold increase in the fatigue life of the coil spring 8 having 
a .5 inch diameter wire subjected to a stress of 564 +/- 
476 Mpa. 

[0019] The Nitreg® nitrogen diffusion process pro- 
vides surface hardening. The fatigue properties of the 
coil spring 8 can be improved, allowing for higher stress 
design and/or lighter weight springs. The process 
strengthens the exterior surface of the coil spring 8, de- 
creasing fractures and increasing the fatigue life. Addi- 
tionally, as the process is computerized, the results are 
repeatabie. 

[0020] The foregoing description is only exemplary of 
the principles of the invention. Many modifications and 
variations of the present Invention are possible in light 
of the above teachings. The preferred embodiments of 
this invention have been disclosed, however, so that one 
of ordinary skill in the art would recognize that certain 
modifications would come within the scope of this inven- 



remove scale from the exterior surface. The scale is re- 
moved either by shot peening or shot blasting. The ex- 
terior scale can also be removed by utilizing hydrochlo- 
ric acid on the surface of the coil spring 8. The coil spring 
8 is positioned in an atmospheric furnace. In the furnace, 
the coil spring 8 is heated 14 to a temperature between 
380**C and 480®C. After heating 14, ammonia is re- 
leased 16 into the fumace for approximately 3 to 8 
hours. 

[001 6] The amount of ammonia released 1 6 depends 
on the desired nitriding potential. Nitrogen from the am- 
monia diffuses 20 into the exterior surface of the steel 
coil spring 8, creating a hardened diffusion zone B. By 
regulating the nitriding potential 1 8 by continually mon- 
itoring the process parameters with sensors, the depth 
of the diffusion zone B can be controlled. The diffusion 
zone B is preferably between 30 p.m and 1 00 ixm deep. 
Once the nitrogen from the ammonia has diffused into 
the steel coil spring 8, the coil spring 8 is then cooled 
22. The entire cycle lasts approximately 12 to 20 hours. 
[001 7] By regulating the nitriding potential 1 8 depend- 
ing on the type of steel utilized and the application re- 
quirements, the white compound layer A can be control- 
led oreliminated. In traditional nitriding, the process pro- 
duces uncontrollable white layer growth which is re- 
moved by post treatment grinding or finishing. The Ni- 
treg® process produces a hard and non-spalling white 
compound layer A on the exterior surface of the coil 
spring 8. The growth of the compound layer A can be 
controlled by regulating the nitriding potential, in the pre- 
ferred embodiment, the compound zone A is 0 to 2 p.m 
thiclc. 

[0018] After the nitriding process, the coil spring 8 is 
subject to a shot peening process 24 to instill high com- 
pressive residual stresses on the surface of the coil 
spring 8. Preferably, a two-step process is employed. In 
the first step, the first peening is done with a .8 mm di- 
ameter shot, and in the second step, the second peen- 
ing is done with a .3 mm diameter shot. By employing 
the additional shot peening step, there is at least a six 
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tion. It is, therefore, to be understood that within the 
scope of the appended claims, the invention may be 
practiced otherwise than as specially described. For that 
reason the following claims should be studied to deter- 
mine the tme scope and content of this invention. 



Claims 

1. A method (10) for surface hardening a steel coil 
spring (8) of a suspension system comprising the 
steps of: 

nitriding a surface of said coil spring; and 
regulating a nitriding potential (18) in a nitriding 
atmosphere to control the step of nitriding said 
coil spring, said nitriding potential being the ten- 
dency of nitrogen to be absorbed by said steel 
coil spring. 

2. The method as recited in claim 1 wherein the step 
of regulating said nitriding potential further includes 
monitoring at least one process parameter. 

3. The method as recited in claim 1 or 2 wherein the 
step of nitriding said coil spring further includes in- 
troducing ammonia (1 6) into said nitriding atmos- 
phere. 

4. The method as recited in any preceding daim fur- 
ther comprising the steps of: 

cleaning (12) said surface of said coil spring; 
heating (14) said coil spring; and 
cooling (22) said coil spring. 

5. The method as recited in claim 4 wherein the step 
of beating said coil spring includes heating said ni- 
triding atmosphere to a temperature between 
380*C and 480*0. 
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6- The method as recited in any preceding claim 
wherein the step of nitriding said coil spring produc- 
es a diffusion zone (B) having a depth between 30 
nnr> and 100 jim. 

5 

7. The method as recited in any preceding ciaim 
wherein the step of nitriding said coil spring further 
includes forming a compound layer (A) on said sur- 
face of said coll spring having a depth between 0 
and 2 p,m. 

8. The method as recited in any preceding claim fur- 
ther comprising the step of shot peening (24) said 
surface of said coil spring. 

15 

9. The method as recited in claim 9 wherein the sur- 
face of said coil spring is shot peened with a .8 mm 
diameter shot and a .3 mm diameter shot. 



10. A method (10) for surface hardening a steel coil 20 
spring (8) of a suspension system comprising the 
steps of: 

cleaning (12) said surface of said coll spring; 
heating (14) said coil spring; 25 
nitriding a surface of said coil spring; 
regulating a nitriding potential (1 8) in a nitriding 
atmosphere to control the step of nitriding said 
coil spring, said nitriding potential being theten- 
dency of nitrogen to be absorbed by said steel 30 
coll spring; 

cooling (22) said coil spring; and 

shot peening (24) said surface of said coil 

spring. 

35 

1 1 . A steel coil spring (8) of a suspension system com- 
prising: 

a steel body portion having a surface (C); and 
a diffusion zone (B) produced by nitriding said 40 
surface of said coil spring by regulation of a ni- 
triding potential. 

12. The coil spring as recited in claim 11 wherein said 
surface of said coil spring Is nitrided by introducing 45 
ammonia (16) Into a nitriding atmosphere. 

13. The coll spring as recited in claim 11 or 12 wherein 
a nitriding atmosphere is heated to a temperature 
between 380*'C and 480'C. 50 

14. The coil spring as recited in any one of claims 11 to 

13 wherein said diffusion zone has a depth between 
30 ^im and 1 00 ^tm, 

55 

15. The coil spring as recited in any one of claims 1 1 to 

14 wherein said coil spring further includes a com- 
pound layer having a depth between 0 and 2 \ixx\. 
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